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(57) [Abstract] 

[Problems to be Solved by the Invention] 

correction of continuous imaging performance is made 
possible without accompanying thevi oration, or both 
achievements do correction of increase and imaging 
performance of the number of openings of projection optical 
system 

[Means to Solve the Problems] 

It possesses projection optical system, T which forms image of 
illuminating optical system IL and this pattern which pattern 
which is provided on reticle R illumination aredone on 
photosensitive group sheet , in light path between projection 
optical system and photosensitive group sheet atleast through 
liquid LQ whichto position of portion is, with the aligner 
which exposeslipK)^^ 
£ means;inorder to aajust*mdexidfjrefi^tionioftliquid . 
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[Claim(s)] 
[Claim 1] 

In aligner which possesses projection optical system which 
forms image of the illuminating optical system and said 
pattern which pattern which is provided on reticle the 
illumination are done on photosensitive group sheet , in light 
path between aforementioned projection optical system and 
aforementioned photosensitive group sheet at least through 
liquid which toposition of portion is, exposes, 

aligner . which possesses index of refraction adjustment 
means in order toadjust index of refraction of aforementioned 
liquid and makes feature 

[Claim 2] 

Aforementioned index of refraction adjustment means , in 
order correction to do imaging performance of 
aforementioned projection optics , adjusts index of 
refractionof aforementioned liquid aligner . which is stated in 
Claim 1 which is made feature 

[Claim 3] 

imaging performance measuring means which measures 
imaging performance of aforementioned projection optical 
system furthermore having, 
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Aforementioned index of refraction adjustment means , in 
order correction to doaforementioned imaging performance , 
adjusts index of refraction of theaforementioned liquid 
aligner . which is stated in Claim 2 which is made feature 

[Claim 4] 

Fluctuation factor detection means which detects state of 
factor offluctuation of imaging performance of 
aforementioned projection optical system furthermorehaving, 

Aforementioned index of refraction adjustment means in 
order correction to doaforementioned imaging performance 
according to state of aforementioned factor , adjusts index of 
refraction of aforementioned liquid the aligner . which is 
stated in Claim 1 which is made feature 

[CIaim5] 

Aforementioned illuminating optical system configuration is 
done illumination condition for theaforementioned reticle in 
changeable , 

Aforementioned fluctuation factor detection means detects 
state of theaforementioned illumination condition , 

Aforementioned index of refraction adjustment means in 
order correction to doaforementioned imaging performance 
according to modification of theaforementioned illumination 
condition , adjusts index of refraction of theaforementioned 
liquid aligner . which is stated in Claim 4 which is made 
feature 

[Claim 6] 

As for aforementioned fluctuation factor detection means , 
being something whichdistinguishes types of aforementioned 
reticle , 

Aforementioned index of refraction adjustment means in 
order correction to doaforementioned imaging performance 
according to types of aforementioned reticle 5 adjusts index of 
refraction of aforementioned liquid the aligner . which is 
stated in Claim 4 which is made feature 

[Claim 7] 

photosensitive group sheet holder which keeps 
aforementioned photosensitive group sheet furthermore 
having, 

Either of Claims 1 through 6 to which said photosensitive 
group sheet holder , as aforementioned projection optical 
system and sidewall and aforementioned liquid in order to fill 
up the light path between aforementioned photosensitive 
group sheet with aforementioned liquid are supplied to 
aforementioned photosensitive group sheet holder , has supply 
& recovery unit in order to recover from aforementioned 
photosensitive group sheet holder and makes feature aligner . 
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which is stated in one section 
[Claim 8] 

As for aforementioned index of refraction adjustment means , 
from affiiitiv^isu^^ aforementioned liquid which 



/supph^^^^msor^erip^ustindex of r 

aforementioned liquid aforementioned additivl^either of 
Claim 1 to 7 which possesses additive recovery unit in orderto 
recover and makes feature aligner . which is stated in 
onesection 

[Claim 9] 

In origin of predetermined illumination condition pattern 
which is provided on step, aforementioned reticle which 
reticle illumination is done including the step which copies to 
photosensitive group sheet making use of projection optical 
system , in exposure method which through predetermined 
liquid , leads light from aforementioned projection optical 
system toaforementibned photosensitive group sheet , 

exposure method . which includes step which adjusts index 
ofrefraction of aforementioned liquid in order correction to do 
the imaging performance of aforementioned projection optical 
system , and makes feature 

[Claim 10] 

In origin of predetermined illumination condition device 
pattern which is provided on step, aforementioned reticle 
which reticle illumination -is done including the step which is 
copied to photosensitive group sheet making use of projection 
optical system , light fromaforementioned projection optical 
system through predetermined liquid , regarding to device 
production method which it leads to aforementioned 
photosensitive group sheet , 

When aforementioned reticle and inside at least one of 
theaforementioned illumination condition is modified, index 
ofrefraction of theaforementioned liquid is modified device 
production method . which is madefeature 

[Claim 11] 

In manufacturing method of aligner which possesses 
projection optical system which forms theimage of 
illuminating optical system and said pattern which pattern 
which is provided on reticle illumination are done on 
photosensitive group sheet , in light path between 
theaforementioned projection optical system and 
aforementioned photosensitive group sheet at least through 
the liquid which to position of portion is, exposes, 

step, which measures imaging performance of aforementioned 
projection optical system 

manufacturing method . of aligner which includes step which 
decides the initial value of index of refraction of 
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aforementioned liquid and said on basis of imaging 
performance which was measured, makes feature 

[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

As for this invention, device pattern being provided on reticle 
it regards the exposure method and device production method 
which use aligner and said aligner which have the projection 
optical system which projection is done on photosensitive 
group sheet . 

Furthermore as for details, as for this invention liquid it 
regards the liquid dampen type aligner which is filled in light 
path between projection optical system and photosensitive 
group sheet . 

this invention, when semiconductor element , image pickup 
element (CCD array etc), producing liquid crystal display 
element , or thin film magnetic head etc, is preferred ones. 

[0002] 

Prior Art] ^ c( . c « 

[waakingudisutansu ] With it is final aspect of optical system 
and space between the image plane , but with projection 
optical system of conventional aligner as for 
[waakingudisutansu ] it was filled upwith air . 

By way, regarding to process which produces IC and LSI , 
pattern which it exposes to silicon wafer , narrowing being 
always desired, forthat makes light wavelength which is used 
for exposure short, or is necessaryto enlarge number of 
openings of image side. 

As light wavelength becomes short, while obtaining imaging ; 
performance which it can besatisfied glass material which has £ ./ 
sufficient transmittance which can guarantee satisfactory light *■ 
intensity in exposure decreases. %^ 

[0003] 

final medium to image plane , number of openings of image 
side is enlarged by thefact tha^index of ^^refraction^iHsTarier t 

which has projection optical system which uses liquid^s-^ i 
:calle^:Ua^d^ah^ 

i?-r<' :» - T-r. -sf..^; > • y:- i . - 

Well, in order correction to do imaging performance of 
projection optical system , most light path of object side of 
projection optical system or most technology which provides 
imaging performance corrected part material in order to adjust 
imaging performance in light path of image side, in 
exchangeable has been known regarding aligner . 
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[0004] 

[Problems to be Solved by the Invention] 

But, with liquid dampen type aligner , because it is a 
configuration whichfills up liquid in light path 
( [waakingudisutansu ] ) between projection optical system 
and photosensitive group sheet ,member in order correction to 
do imaging performance is arranged is difficult. 

In addition, because when quantity of finite , of configuration 
of theactual device is thought, only several extent prepares 
this kind of imaging performance corrected part material and, 
is possible , in only discrete imaging performance thereis a 
problem which correction it is not possible. 

[0005] 

In addition, imaging performance of projection optica! system 
it is necessary to store to the predetermined tolerance , but 
above-mentioned way if correction of imaging performance 
ispossible to only discrete , you supply inside this 
"predetermined tolerance , itbecomes difficult. 

Especially, when it can seek narrowing of exposure pattern 
and increaseof exposed surface area , tolerance of this 
imaging performance becomes narrow, in addition, while scan 
doing reticle and photosensitive group sheet , when it does 
scanning light exposure method which exposes, tolerance of 
variation of imaging performance characteristic has become 
narrow,with dispersive correction cannot correspond. 

[0006] 

In addition, because vibration of projection optical system 
itself occurs in when exchanging imaging performance 
corrected part material an above-mentioned way, there is also 
apossibility adverse effect occurring to imaging performance . 

Then, this invention makes correction of continuous imaging ft 
performance possible withoutaccompanying vibration, it 1 
makes first objective . & 

In addition, this invention designates both achievements of 
thing whichincrease and imaging performance of number of 
openings of projection optical system correction is done as 
second objective . 

[0007] 

[Means to Solve the Problems] 

In order to achieving above-mentioned first objective , with 
this invention as for aligner , with aligner which possesses 
projection optical system which forms theimage of 
illuminating optical system and this pattern which pattern 
which is provided on reticle illumination.are done on 
photosensitive group sheet . ^ ^^^ ^ .be^^^e^-^ 
projection optical ^Sra^icl^p^se&id^grb^' sheet at P 
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[0008] 



If according to desirable embodiment where here, it put out in 
theabove-mentioned Claim 2 , index of refraction adjustment 
means , in order the correction to do imaging performance of 
aforementioned projection optical system , is something 
whichadjusts index of refraction of liquid . 

On basis of this configuration s if according to desirable 
embodiment whereit put out in Claim 3 , being something 
which furthermore has the imaging performance measuring 
means which measures imaging performance of projection 
optical system , index of refraction adjustment means , in 
order correction to do aforementioned imaging performance , 
is somethingwhich adjusts index of refraction of liquid . 

[0009] 

In addition, if according to desirable embodiment where it put 
out in Claim 4 , being something which furthermore has 
fluctuation factor detection means which detects state of 
factor of fluctuation of imaging performance of projection 
optical system , index of refraction adjustment means in order 
correction to do the imaging performance according to state 
of factor , is something which adjustsindex of refraction of 
liquid . 

On basis of this configuration , if according to desirable 
embodiment whereit put out in Claim 5 , illuminating optical 
system configuration is done illumination condition for 
theaforementioned reticle in changeable , fluctuation factor 
detection means detects the state of illumination condition ', 
index of refraction adjustment means in order correction to do 
imaging performance according to modification of 
illumination condition , issomething which adjusts index of 
refraction of liquid . 

[0010] 

If according to desirable embodiment where and, it put out in 
the Claim 6 , as for fluctuation factor detection means , being 
something whichdistinguishes types of reticle , as for index of 
refraction adjustment means , in order correction to do 
imaging performance according to types of reticle , it is 
something which adjusts index of refraction of liquid . 

In addition, in order to achieve above-mentioned second 
objective , all of light path between projection optical system 
and photosensitive group sheet is filled up with the liquid , it 
is desirable . 

This time, aligner as sidewall and liquid in order to fill up 
light path between projection optical system and 
photosensitive group sheet with aforementioned liquid are 
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supplied to aforementioned photosensitive group sheet holder 
has supply &recovery unit in order to recover from 
aforementioned photosensitive group sheet holder with this 
invention , furthermore possesses photosensitive group sheet 
holder which keeps photosensitive group sheet , itis 
desirable . 

[0011] 

In addition, index of refraction adjustment means , 
aforementioned additive has additive recovery unit in order to 
recover from additive supply unit and liquid which supply 
additive in order to adjust index ofrefraction liquid , it is 
desirable . 

[0012] 

[Embodiment of the Invention] 

Regarding to above-mentioned configuration or other this 
invention, because you can adjust theindex of refraction of 
liquid which position in light path between projection optical 
system and photosensitive group sheet is, correction is 
possible imaging performance of the projection optical system 
with change of this index of refraction. 

When we assume, that here, liquid is mixed solution of multi 
substance as technique of index of refraction adjustment, as 
for index ofrefraction n of this mixed solution , in formula of 
Lorentz * Lawrence (Loren tz-Loren z ) following, 

[0013] 

[Mathematical Formula 1] 



\V+ 2 . 



"0014 ' 
■ ■ ■ ■ 

{0 • ■ 

■0015 " 
*2- 

n u) : i 
m (U : i 

Pd) : 1 



[0014] 

With it becomes. 

However, 

[0015] 

[Mathematical Formula 2] 



■0016 



[0016] 



Page 9 Paterra® InstantMT® Machine Translation (U.S. Pat. Sen No. 6,490,548; Pat. Pending Ser. No. 10/367,296) 



JP1998340846A 



1998-12-22 



So it is. 

mm ■ *»* in* • aat ■ ■« ■ » «ft ■ ■ • ,^^^^^^cf|ctToi^f®|^^^^i^^^^^ 

' ' ' *Sft ■ " Because of this, in order to reach value of index of 

" B#T^ ■ fit * ■ ■ ' " " * " B#T^ ■ |£ refractionwhich compensation it is possible imaging 

it ' "tS^ife^^ ' $£^14 hH ' ft if " performance of projection optics , if index ofrefraction of 

liquid it changes, imaging performance of projection optical 
system becomessatisfactory ones. 
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Here, adjustment of index of refraction measures aberration or 
other imaging performance of the for example projection 
optical system , is good adjusting index of refraction as a 
result according to,detecting fluctuation of factor which 
corresponds to thefluctuation of imaging performance of 
projection optical system s as a result according toadjusting 
index of refraction is good. 

It measures aberration etc of projection optical system when 
producing aligner-regarding technique which measures 
imaging performance of projection optical system of the 
former , it is good setting value of index of refraction which 
this aberration compensation is done to initial value of index 
of refraction of the liquid . 

This way if index of refraction is adjusted as portion of 
adjustmentwhen producing, production * there is a benefit 
where adjustment becomeseasy. 

In addition, it provides aberration instrument structure etc in 
aligner itself, it is goodmodi tying index of refraction of 
liquid with this aberration instrument structure according to 
aberration measurement result . 

[0018] 

On one hand, you can list exposure dose etc which passes 
state , projection optical system of the types , illumination 
condition of reticle as fluctuation of factor which corresponds 
tofluctuation of imaging performance of the latter . 

When here, illumination doing reticle , as for illumination 
condition (;si value, such as deformation illumination whether 
or not ), when optimum ones are decided with types of pattern 
which is provided on the reticle , this illumination condition 
changes, imaging performance which begins aberration of the 
projection optical system changes. 

Then, in every types , illumination condition or other factor of 
for example reticle , it is worthy of index ofrefraction in order 
compensation to do imaging performance which changes 
attendantupon fluctuation of this factor storage , detects 
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fluctuationof this factor beforehand in memory and etc if it 
adjusts indexof refraction of liquid on basis of relationship 
which isremembered, it is good. 

In addition, imaging performance of projection optical system 
changes with size of exposure dose which passes projection 
optical system , there is so-called lighting fluctuation, but 
inthis case putting, storage , detects fluctuation of this factor 
beforehand in exposure dose and it is worthy of index of 
refraction inorder compensation to do imaging performance 
which changes at size of this exposure dose memory etc, If 
index of refraction of liquid is adjusted on basis of 
therelationship which is remembered, it is good. 

Furthermore, to memory it is good instead of storage 
doing,ca!culating with predetermined computational formula 
in this technique . 

[0019] 

This way, by fact that index of refraction of liquid isadjusted, 
among imaging performance of projection optical system , it 
is a effective in correction ofespecially spherical aberration , 
image plane curvature . 

Below, referring to drawing , you explain concerning 
embodiment whichdepends on this invention . 

[first embodiment ] Figure 1 is figure which with first 
embodiment which depends on the this invention shows 
aligner in conceptual . 

Furthermore with Figure 1 , XYZcoordinate system is 
adopted. 

[0020] 

In Figure 1 , light source S supplies exposure light of for 
example wavelength 248nm , exposure light from this light 
source S, through illuminating optical system IL and reflector 
M, almost illumination does reticle R in origin of uniform 
illumination distribution . 

Here, with this example KrFexcimer laser light source is used 
as light source S„ but in place ofthat, making use of high 
pressure mercury lamp etc which supplies ArFexcimer laser 
light source and the g-line , Mine etc which supply exposure 
light of 193 nm it is good. 

In addition, with Figure 1 it is a not shown in the diagram , 
but illuminating optical system IL light collection doing 
optical integrator in order to form planar light source , and 
light from this planar light source being arranged in location 
of planar light source which is formed by the capacitor optical 
system and optical integrator in order uniform illumination to 
do irradiated surface superimposition issomething which 
possesses variable aperture drawing in order to designate 
shape of planar light source as variable . 
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Here, as shape of planar light source , from optical axis 
eccentricity those whichhave planar light source of plural 
which is done. Those of wheel band shape . There are some 
etc where size differs in circular . 

As this kind of illuminating optical system IL, those which 
are disclosed in for example U. S. Patent No. 
5,329,094disclosure and the U. S. Patent No. 
5,576,801 disclosure can be used. 

[0021] 

And, exposure light which reticle R passing 'diffraction is 
done, passing by projection optical system T, reaches on 
wafer W, image of reticle R is formed on wafer . 

Here, reticle R is kept with [rechikururoodaa ] RL, 
[rechikururoodaa ] RL is done inorder at time of option on 
[roodaateeburu ] LT on "X" axis and 
the"Y" axis to be able to move with velocity of 
option due to the drive device Tl, configuration . 

Here, mobility on [roodaateeburu ] LT of [rechikururoodaa ] 
RL is detected with the velocity sensor SS, output from this 
velocity sensor SS is transmitted to 1 st controller CPU 1. 

[0022] 

In addition, wafer W is kept by wafer table WT. 

reservoir * sidewall of for sake of has been provided liquid 
LQ in this wafer table WT. 

With this example , it has become configuration where from 
wafer W all of light path to projection optical system T is 
filled up with liquid LQ by this sidewall . 

This wafer table WT is done in order on holder table HT to be 
able to move to "X" axis direction and 
"Y" axis direction with velocity of option due to 
the drive device T2, configuration . 

[0023] 

Here, above-mentioned 1 st controller CPU 1, calculates 
mobility on holder table of wafer table WT from mobility on 
[roodaateeburu ] LT of [rechikururoodaa ] RL, and 
theexposure draw ratio ;be of projection optical system T 
transmits to drive device T2. 

drive device moves wafer table WT on basis of mobility 
which was transmitted from 1 st controller CPU 1. 



[0024] 

Figure 2 is figure which displays configuration of this wafer 
table WT indetail. 
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In this Figure 2 , in order for liquid LQ not to permeate, it has 
stuckmost optical member of wafer W side of projection 
optical system T, or and between gold frame of projection 
optical system T, packing is done. 

In addition, aperture of plural is provided in base of the wafer 
table WT, wafer W is adsorbed into wafer table WT by 
vacuum doing from pipe V which is connected to these 
aperture . 

And, electrode D1,D2 is provided in wafer table WT, ion 
exchange membrane 11,12 is provided in therespective 
periphery of these electrode Dl, D2. 

With these ion exchange membrane 11,12, region where 
periphery and exposure light of electrode D1,D2 pass liquid 
LQ is divided. 

Here, atmosphere of periphery of electrode Dl has become 
sealed space depending upon with ion exchange membrane 1 1 
and barrier Kl, exhaust pipe HI is connected tothis sealed 
space . 

In addition, atmosphere of periphery of electrode D2 has 
become sealed space depending upon with ion exchange 
membrane 12 and barrier K2, exhaust pipe H2 is connected 
tothis sealed space . 

These exhaust pipe HI, H2 are connected to mixer K together. 

one end of inlet tube LD which has electric solenoid DV is 
connected by this mixer K,as for other end of this inlet tube 
LD, is a position of vicinity of the wafer table WT. 
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[0025] 

Illustration there is not a applied voltage to electrode D1,D2 
from power supply sectionto be supplied, applied voltage 
which power supply section supplies iscontrolled by 2 nd 
controller CPU 2. 

In addition, in regard to opening and closing electric solenoid 
DV, 2 nd controller CPU 2 control. 

With this example , these electrode D1,D2, ion exchange 
membrane 11,12, barrier K1,K2, exhaust pipe H1,H2, mixer 
K, electric solenoid DV, inlet tube LD, illustrations are not 
power supply section, 2 nd controller CPU 2 configuration 
have done index of refraction adjustment means . 

[0026] 

You explain below, concerning operation of index of 
refraction adjustment means . 
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additive . 

First, when index of refraction of liquid LQ is reduced, 2 nd 
controller CPU 2 sendorder to power supply section, just 
predetermined time adding sign does predetermined, voltage 
between electrode Dl and electrode D2. 

This time, oxygen vapor occurs from electrode which 
becomes the anode , mixed gas of hydrogen and chlorine 
occurs from electrode which becomes cathode . 



iume, becaualri^ 




Here, as for vapor which occurs with vicinity of each 
electrode Dl,D2,because ion exchange membrane 11,12 is not 
passed, through exhaust pipe H1,H2, recovers ispossible . 

This vapor which recovers is sent to mixer K. 

With mixer K, it can mix vapor (oxygen vapor, hydrogen 
vapor and hydrogen chloride vapor) which recovers, additive 
aqueous solution of high concentration is formed from this, in 
comparison with liquid LQ. 

[0027] 



^^^e^^nd^controller ePU^^opening electric solenoid 




With this configuration , index of refraction of liquid LQ can 
be designated as variable . 

Well, in memory Ml which is connected to 2 nd controller 
CPU 2, corresponding every various illumination condition , 
value of index of refraction is remembered in form of the 
table . 

Here, value of index of refraction is value of index of 
refraction of liquid LQ which is necessary in order correction 
to do aberration which it occurs with projection optical system 
T in under a certain illumination condition . 

In addition, in this memory Ml, value of additive density in 
liquid LQ in acertain time point , is kept in form which 
always is renewed. 

[0028] 

In addition, above-mentioned illuminating optical system IL, 
2 nd controller CPU 2 is connected in orderto transmit 
information regarding shape of planar light source which this 
illuminating optical system IL forms to 2 nd controller CPU 
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2. 

When here, with illumination condition -this example shape - 
of planar light source changes, this information is transmitted 
to 2 nd controller CPU 2. 

This time, 2 nd controller CPU 2 search value of index of 
refraction whichcorresponds to illumination condition which 
was transmitted from memory Ml, calculate density of 
additive in order to actualize that index ofrefraction from 
above-mentioned Formula (1). 

Next 2 nd controller CPU 2 present additive density and 
additive density which were calculatedfollowing, in order to 
make additive density which present additive density 
wascalculated, with to electrode D1,D2 which are kept in 
memory Ml or control electric solenoid DV. 

[0029] 

Because of this, as for value of index ofrefraction of liquid 
LQ,when including liquid LQ, aberration of projection optical 
system T becomes somethingwhich correction is done. 

As for [second embodiment ] second embodiment , point 
which designates additive in first embodiment as ethyl alcohol 
differs largely. 

As for this ethyl alcohol , resist as photosensitive group sheet 
does not melt resist layer of wafer W which application is 
done, in projection optical system T most optical member of 
wafer W side (optical member which touches with liquid LQ ) 
and there is a benefit whose influence to optics coating 
whichis administered to this optical member is little. 

[0030] 

In addition, configuration of index of refraction adjustment 
means differs fromthose of first embodiment regarding 
second embodiment . 

Below, referring to Figure 3 , you explain concerning 
configuration of theindex of refraction adjustment means . 

Furthermore, as those which are shown in Figure 2 in Figure 
3 , in member which possesses same fiinction is attached 
same code . 

Those of first embodiment as for point which differs, in order 
for the additive supply pipe LS in order to supply additive to 
liquid LQ and pure water feed pipe line WS and the liquid LQ 
in order to supply pure water to liquid LQ not to overflow 
from wafer table WT, it is a point which possesses discharge 
tube L which discharges liquid LQ in Figure 3 showing wafer 
table WT with second embodiment . 

[0031] 

Here, electric solenoid DVLS,DVWS in order to adjust 
supply amount of additive and the pure water and electric 
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solenoid DVL in order to adjust effluent amount of liquid LQ 
arerespectively provided in additive supply pipe LS, pure 
water feed pipe line WS and discharge tube L, opening and 
closingthese electric solenoid DVLS,DVWS,DVL is 
controlled by 2 nd controller CPU 2. 

You explain concerning operation at time of index 
ofrefraction adjustment in second embodiment . 

[0032] 

First, when index of refraction of liquid LQ is increased, 2 rid 
controller CPU 2 controlling electric solenoid DVLS, just 
predetermined amount add additive to liquid LQ. 

This time, just predetermined amount discharges liquid LQ 
from discharge tube L. 

This as for quantity of liquid LQ which is discharged, it is 
thesame as quantity of additive which is added, it is desirable. 

Because of this, additive density in liquid LQ increases, index 
ofrefraction rises. 

[0033] 

In addition, when index of refraction of liquid LQ is reduced, 
2 nd controller CPU 2 controlling electric solenoid DVWS, 
just predetermined amount add pure water to liquid LQ. 

This time, just predetermined amount discharges liquid LQ 
from discharge tube L. 

This as for quantity of liquid LQ which is discharged, it is 
thesame as quantity of pure water which is added, it is 
desirable. 

Because of this, additive density in liquid LQ becomes low, 
index ofrefraction decreases. 

[0034] 

Here, quantity of additive and pure water which are added and 
thequantity of liquid LQ which is discharged are controlled by 
2 nd controller CPU 2. 

Furthermore, corresponding to types of illumination condition 
inside memory Ml, as for point where value of additive 
density of liquid LQ in pointand a certain time point where 
value of index of refraction is rememberedis kept, being 
similar to above-mentioned first embodiment , on basis 
ofthese information , Also point which calculates additive 
density in order to actualize theindex of refraction which 
correction it is possible aberration of the projection optical 
system T is similar to first embodiment . 

[0035] 

This way, 2 nd controller CPU 2 in second embodiment 
following with to present additive density which is kept in 
memory Ml and additive density which was calculated, 
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inorder to make additive density which present additive 
density was calculated,control opening and closing, electric 
solenoid DVLS,DVWS,DVL. 

Because of this, as for value of index of refraction of liquid 
LQ,when including liquid LQ, aberration of projection optical 
system T becomes somethingwhich correction is done. 

[embodiment of 3 rd ] Next, referring to Figure 4 , you 
explain concerning embodiment of 3 rd . 

In embodiment of 3 rd aligner differs from above-mentioned 
1 st and 2nd embodiment in point which has aberration 
measuring apparatus . 

Furthermore, as example of above-mentioned Figure 1 
-Figure 3 same code on member which possesses same 
function it is attached in Figure 4 , XYZcoordinate system 
which is similar to Figure 1 is adopted. 

[0036] 

In Figure 4 , light source S supplies exposure light of 
wavelength 248nm , exposure light from this light source S, 
after being arranged in cross section of specified shape by the 
beam fairing optical system 1 1, incidence does in 1 st fly eye 
lens 12. 

secondary light source which consists of light source image of 
plural is formed on injection side of 1 st fly eye lens 12. 

Passing by relay lens 13 F,13R, incidence it does exposure 
light from this secondary light source , to 2 nd fly eye lens 15. 

This relay lens system configuration is done from front group 
13 F andrear group 13 R, vibrating mirror 14 in order to 
prevent the speckle on irradiated surface is arranged in group 
13 F before these andbetween rear group 13 R. 

[0037] 

Well, in emitting plane side of 2 nd fly eye lens 15, image of 
secondary light source plural form isformed with 1 st fly eye 
lens , this becomes 3 rd light source . 

variable aperture drawing 16 which can set aperture drawing 
of plural which has predetermined shape or predetermined 
size is arranged in location where these 3 rd light source are 
formed. 1 

This variable aperture drawing 16, as shown in for example 
Figure 5 , is something which provides 6 aperture drawing 
16a~16e which patterning are done in turret condition on 
transparent substrate which the configuration is done with 
such as quartz . 

Here, as for 2 aperture drawing 16a, 16b which have round 
aperture , with drawing in order tomodify the;si value 
(number of openings of illuminating optical system for 
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number of openings of projection optical system ), as for 2 
aperture drawing 16c, 16d which have wheel band shape , it is 
a drawing where wheel band ratio differs mutually. 

And, remaining 2 aperture drawing 16e,16f eccentricity of 4 
are drawing whichpossesses aperture which is done. 

This variable aperture drawing 16 is driven in order for inside 
any one of aperture drawing 16a~16f of the plural to be a 
position inside light path depending upon variable aperture 
drawing drive unit 17. 

[0038] 

Returning to Figure 4 , exposure light from variable aperture 
drawing 16 light collection being doneby condenser lens 
system 18 illumination does on reticle blind 19 
superimposition . 

reticle blind 19 is arranged in pattern formation surface and 
conjugation of reticle R inregard to relay optical system 
20F,20R, shape of illumination region on reticle R is decided 
by open shape of reticle blind 19. 

exposure light from reticle blind 19, through front group 20 F, 
reflector M of the relay optical system and rear group 20 R of 
relay optical system , forms illumination region of the 
uniform illumination distribution substantially in specified 
position on reticle R. 

[0039] 

Furthermore, illuminating optical system IL in 
aforementioned 1 st and 2nd embodiment can also apply 
beam fairing optical system 1 1 -relay optical system 20F,20R 
which is shown in this embodiment . 

Well, reticle R is mounted on reticle loader -RL, this reticle 
loader -RL on holder table LT hasbecome movable in in the 
diagram XY direction and rotational direction (;th direction) 
which designates Z-axis as center . 



-RL • ■ RIM ■ IS 

T*«-RI 

■ -rl ■ xy *ifija • e *n • ■ gift 
• « • 

m • • ■ ■ rld • • -xY^ffiis ■ e^rfa] • m. 
ift • ■ ■ 

T^tt Rl ■ ' ■ • •« 1 

cpui • es • ■ -m i um^ cpui 

-gBH) • • • • rld " I 

-mm 

"0040 " 



Portable mirror RIM is provided in this reticle loader -RL, 
reticle interferometer Rl detects the position of XY direction 
and;th direction of reticle loader -RL. 

In addition, reticle loader -RL is driven to XY direction and;th 
directionby reticle loader -drive unit RLD. 

Here, output from reticle interferometer Rl is transmitted to 1 
st controller CPU 1, 1 st controller CPU 1 hasbecome 
configuration which controls reticle loader -drive unit RLD. 

[0040] 
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In addition, illustration it is not on middle of feeding passage 
from reticle stocker , barcode reader BR in order to grasp 
barcode which is provided in reticle R is provided. 

information regarding types of reticle R which this barcode 
reader BR grasps istransmitted to 2 nd controller CPU 2. 

Here, in memory Ml which is connected to 2 nd controller 
CPU 2, value of index ofrefraction of optimum liquid LQ is 
remembered in every types of information and reticle R 
regarding optimum illumination condition in every types of 
reticle R. 



Here, drive of wafer stage drive unit WD is controlled with 
above-mentioned 1 st controller CPU 1, output from wafer 
interferometer WI has become configuration which 
istransmitted to 1 st controller CPU 1. 



As for this focus sensor AF, through optical element which is 
close to wafer W sidein projection optical system T light is 
irradiated on wafer surface s light which at thesame time is 
reflected with wafer is done through theabove-mentioned 
optical element , incident light , it is something which 
distance of Z direction between projection optical system T 

1 r — \\t : 1 j — *^ *u ^ i:_u* :- :*: 



[0042] 

In addition, focus sensor AF in order to measure distance of Z 
direction between projection optical system T and wafer W is 
provided in projection optical system T. 



[0041] 

projection optical system T which possesses predetermined 
reduction draw ratio |;be | is providedin underside of reticle R, 
liquid LQ has lain between most in the optical member of 
wafer surface side of this projection optical system T and 
between wafer W. 

projection optical system T, through this liquid LQ, forms 
reduced image of reticle R on- the wafer surface . 

wafer W adsorptive immobilization is done in wafer table 
WT, this wafer table WT through Zactuator ZD1,ZD2,ZD3 in 
order it moves to Z-axis direction of wafer table WTitself and 
(slope for Z-axis ) tilt , in XY direction is installed in movable 
wafer stage WTS vis-a-vis fixed base . 



This wafer stage WTS is driven by wafer stage drive unit 
WD. 

In addition, as for sidewall of wafer table mirror surfacing is 
administered,this portion has become portable mirror of wafer 
interferometer WI. 
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and wafer W is measured due to the light-receiving position . 

configuration of this kind of focus sensor AF is disclosed in 
for example Japan Unexamined Patent Publication Hei 
6-66543 disclosure . 

[0043] 

Well, regarding embodiment of 3 rd , we to have pure water 
feed pipe line WS in order tosupply additive supply pipe LS 
in order to supply additive aqueous solution of high 
concentration which isstored in additive preservation tube part 
LST to liquid LQ and pure water which is stored in pure water 
preservation tube part WST to liquid LQ, in the additive 
supply pipe LS and pure water feed pipe line WS, electric 
solenoid DVLS,DVWS in order to adjust supply amount of 
additive aqueous solution and pure water isprovided. 

In addition, in order for liquid LQ not to overflow from wafer 
table ,discharge tube L in order to discharge liquid LQ is 
provided in wafer table WT,eIectric solenoid in order to adjust 
effluent amount of liquid LQ is provided inthis discharge tube 
L. 

Opening and closing these electric solenoid 
DVLS,DVWS,DVL in same way as above-mentioned second 
embodiment , is controlled by 2 nd controller CPU 2. 

[0044] 

In addition, aberration measurement part AS in order to 
measure aberration of projection optical system and additive 
concentration detection section DS in order to detect additive 
density of liquid LQ areprovided on wafer table WT. 

Here, those which are disclosed in for example Japan 
Unexamined Patent Publication Hei 6-84757disclosure as 
aberration measurement part AS, can beused. 

Here, output from aberration measurement part AS and 
additive concentration detection section DS istransmitted to 2 
nd controller CPU 2. 

In addition, as for output from additive concentration 
detection section DS, through 2 nd controller CPU 2, to 
memory Ml it is kept as value of additive density of liquid 
LQ in time point which is. 

[0045] 

Next, you explain concerning operation of embodiment of 3 
rd. 

First, illustration there is not a reticle R being removed from 
reticle stocker ,on middle which is mounted on reticle loader 
-RL, barcode reader BR barcode whichis provided in reticle R 
transmits information of reading , to 2 nd controller CPU 2. 
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Following information regarding illumination condition 
which corresponds to types of reticle R which is remembered 
in memory Ml to information of the reading , , controlling 
variable aperture drawing drive unit 17, predetermined one 
among aperture drawing 16a~16f location itdoes 2 nd 
controller CPU 2, inside light path . 

In addition, 2 nd controller CPU 2 calculate density of 
additive in order toactualize that index of refraction on basis 
of value of indexof refraction of liquid LQ which is 
remembered in memory Ml, from theabove-mentioned 
Formula (1). 

After that, being detected by additive concentration detection 
section DS, following withto present additive density which is 
kept in memory Ml and additive density whichwas 
calculated, in order to make additive density which present 
additive density wascalculated, it controls opening and 
closing electric solenoid DVLS,DVWS,DVL. 

[0046] 

Because of this, as for value of index of refraction of liquid 
LQ,when including liquid LQ, aberration of projection optical 
system T becomes somethingwhich correction is done. . 

Detecting location and tilt of Z direction of wafer W after this, 
with focus sensor AF, in order for wafer W to become 
thenecessary location , it drives Zactuator ZD1,ZD2,ZD3. 

In this state , through illuminating optical system , it leads 
exposure light from light source S to reticle R, while detecting 
location of reticle R and wafer W with reticle interferometer 
RI and wafer interferometer WI, driving reticle loader -drive 
unit RLD and wafer stage drive unit WD, reticle R and wafer 
W it moves 1 st controller CPU 1, in origin of speed ratio of 
projection draw ratio |;be| of projection optical system T. 

Because of this, pattern on reticle R is copied to on wafer W 
inorigin of satisfactory imaging state '. 

[0047] 

Well, imaging performance (Such as aberration ) of projection 
optical system T is not fixed always, temperature change and 
atmospheric pressure change and there are times when it 
changes temperature rise etc with by fact that projection 
optical system T absorbs exposure light . 

Then, it has made configuration which with embodiment of 3 
rd , measures aberration (imaging performance ) of actual 
projection optical system T due to aberration measurement 
part AS, adjusts value of indexof refraction of liquid LQ on 
basis of this measurement result . 

[0048] 
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Concrete, with embodiment of 3 rd , in form which 
corresponds to aberration value of projection optical system 
inside memory Ml, value of index ofrefraction of liquid LQ 
which correction , it is possible aberration isremembered. 

aberration of projection optical system T which is detected 
and, by aberration measurement part AS istransmitted to 2 nd 
controller CPU 2. 

In order value of index of refraction of liquid LQ which is 
rememberedinside memory Ml to reach value of this index of 
refraction of the reading , , additive density above-mentioned 
Formula (1) from it seeks 2 nd controller CPU 2,in order for 
liquid LQ to become additive density , it controls opening 
andclosing electric solenoid DVLS,DVWS,DVL. 

[0049] 

Depending upon this configuration , there being a 
environmental change (It fluctuates with temperature change , 
atmospheric pressure fluctuation and exposure light 
absorption) of projection optics T, it canmaintain imaging 
performance satisfactorily. 

Furthermore, measures with this aberration measurement part 
AS and does not have necessityusual to do in every 
predetermined cycle , it is good. 

[embodiment of 4 th ] Referring to Figure 6 next, you explain 
concerning embodiment of 4 th . 

embodiment of 4 th is not configuration which fills up all of 
the light path between projection optical system and wafer 
with liquid , is something which is made configuration which 
satisfies portion of this light path with liquid . 

[0050] 

Figure 6 (a ), in (b ), as 1 st and 2nd embodiment which is 
shown in Figure 1 -3 thesame code to member which 
possesses same function *. 

Figure 6 (a ), in embodiment of 4 th which are shown in (b ), 
the liquid LQ reservoir * in substituting, configuration which 
fills up liquid LQ in canister C1,C2 which configuration is 
done differs from aforementioned 1 st and 2nd embodiment in 
material (Such as for example quartz ) which transmits 
exposure light depending upon the sidewall of wafer holder 
-WT. 

With this configuration , among effects which aforementioned 
1 st and 2nd embodiment has had, effect of number of 
openings increase or effective focus depth enlargement 
although it isnot, has had effect to which aberration (imaging 
performance ) adjustment of projection optical system T 
becomes possible in continuous . 

[0051] 
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Furthermore, projection optics T it is good providing vessel 
C1,C2 where liquid LQ is inserted in embodiment of these 4 
th , as one unit. 

With embodiment of 1 st ~4th above, pure water was used as 
liquid LQ, butthere are not times when it is limited to pure 
water . 

[0052] 

[Effects of the Invention] 

As shown above, adjustment can be designated as continuous 
according to this invention , imaging performance of 
projection optical system without vibration. 

In addition, increase of number of openings (Or enlargement 
of effective focus depth ) with you adjust imaging 
performance the both achievements , it becomes possible. 

[Brief Explanation of the Drawing(s)] 

[Figure 1] 

It is a conceptual diagram which shows aligner which 
depends on 1 st and 2nd embodiment of the this invention in 
entire . 

[Figure 2] 

It is a sectional view which shows principal part of aligner 
whichdepends on first embodiment of this invention . 

[Figure 3] 

It is a sectional view which shows principal part of aligner 
whichdepends on second embodiment of this invention . 

[Figure 4] 

It is a conceptual diagram which shows aligner which 
depends on embodiment of 3 rd of this invention . 

[Figure 5] 

It is a conceptual diagram which shows portion of aligner 
which depends on embodiment of 3 rd of this invention . 

[Figure 6] 

It is a sectional view which shows principal part of aligner 
whichdepends on embodiment of 4 th of this invention . 

[Explanation of Symbols in Drawings] 

Dl 

electrode 
D2 

electrode 
HI 
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H2 
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ion exchange membrane 
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S 

light source 
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sensor 
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